The association between genetic variation at 14 enzyme loci and developmental rate was examined in six strains of rainbow trout (Salmo gairdneri). The purpose of this study was to test the prediction that heterozygotes develop faster than homozygotes. We also tested whether the enzyme loci could be responsible for such an association or are marking chromosomal segments that influence developmental rate. There is a significant negative association (P < 0-05) between hatching time and the number of heterozygous loci per fish in one of six strains. Heterozygotes developed faster than homozygotes at 26 out of 43 possible comparisons made at individual loci within strains. Heterozygotes developed significantly faster than homozygotes in eight comparisons, and significantly slower in six comparisons. These results suggest a weak positive association between developmental rate and heterozygosity. Nine loci were polymorphic in more than one strain. At five of these loci the hatching distributions of heterozygotes and homozygotes are significantly different among strains. The direction of the relationship between heterozygosity and developmental rate at individual loci is not consistent among strains. Therefore, our results suggest that the loci surveyed are marking chromosomal segments that influence developmental rate. Linkage disequilibrium between alleles at the isozyme loci and dominantacting genes that accelerate or retard developmental rate is hypothesised to account for the observed relationship between heterozygosity and developmental rate.
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INTRO D U CTI ON
Several studies with fishes suggest that the enzyme products of genes may influence developmental rate through their effects on metabolic rate and flux. Since the products of such genes are part of major biochemical pathways, these enzymes may influence the timing of developmental events indirectly, by altering the rate of energy yielding reactions. DiMichele and Powers (1982; have reported differences in hatching time and metabolic rate between embryos of Fundulus heteroclitus with different lactate dehydrogenase phenotypes. Similarly, Allendorf et al. (1983) have shown that rainbow trout (Salmo gairdneri) with phosphoglucomutase (PGM1) activity in liver, resulting from allelic variation at a regulatory gene, develop faster than their full-sibs without liver PGM 1.
Empirical and theoretical studies suggest that heterozygosity may have important influences on the developmental process. Leary et aL (1983; have reported an association between asymmetry of bilateral meristic characters and enzyme heterozygosity in several species of salmonid fishes. More heterozygous fishes were the most symmetrical and thus were the most developmentally stable, as predicted by Lerner's (1954) model of developmental homeostasis. We have hypothesised that differences in fluctuating asymmetry between homozygotes and heterozygotes may be the result of differences in developmental rate (Danzmann et a!., 1986) . We suggested that faster developmental rates would decrease the probability of accidents during critical periods of development resulting in lower fluctuating asymmetry of meristic characters. We observed in one strain of rainbow trout that heterozygotes tended to develop faster than homozygotes, suggesting that differences in developmental rate may account for the positive association between developmental stability and heterozygosity in rainbow trout.
The faster developmental rates of heterozygotes may be the result of the biochemical properties of the enzymes produced by different genes, or the enzyme loci may be marking chromosomal segments that influence developmental rate.
To distinguish between these two alternative hypotheses we have examined the association between (1) heterozygosity and hatching time in six strains of rainbow trout, and (2) specific alleles at individual loci and developmental time. The enzymes investigated in this study include glycolytic and citric acid cycle enzymes that are important energy yielding enzymes during early rainbow trout embryogenesis (Boulekbache, 1981) . A consistent association between genotypes at any locus and developmental rate in several strains would suggest that the enzyme products of this locus directly influence developmental rate.
Alternatively, if certain loci show strong positive associations between developmental rate and heterozygosity in some strains, but negative associations in other strains, then it is likely that such loëi are marking chromosomal segments that carry other genes that affect developmental rate.
MATERIALS AND METHODS

Experimental matings
We used five strains of rainbow trout maintained by either the U.S. Fish and Wildlife Service or the Montana Department of Fish, Wildlife, and Parks. Table 1 gives the source of each strain, the dates of the experimental matings, and the number of males and females used. We have also included data from our previous study of the Arlee strain (Danzmann et a!., 1986) for direct comparison to the results of the present study.
For each strain, gametes were removed from an equal number of males and females ( Eagle Lake The Eagle Lake strain was derived from resident fish of Eagle Lake, California.
Gametes were obtained from this stock in 1980 to establish the strain at the Creston National Fish Hatchery. There have been no known introductions of rainbow trout into Eagle Lake (Busack and Gall, 1980 (Gall and Gross, 1978; Bussack and Gall, 1980) . Table 2 gives the number of fish in each hatching group and the proportion of the total hatching distribution made up by that group. Fish from the DeSmet and Hildebrand strains were raised for six months prior to electrophoretic examination, while the Eagle Lake, Shasta, and
McConaughy strains were only raised for approximately 2 months or until yolk sac resorption was almost complete because of lack of rearing facilities. For the DeSmet and Hildebrand strains, we sampled 50 and 60 fish, respectively, for elec- in describing these loci. The electrophoretic procedures follow those outlined by Utter et ai. (1974) , and Allendorf et al. (1977) , except that imidazole buffer (Dawson and Mitchell, 1969) Hex (3 of 5), Mdh3,4(4 of 6), and Pgm2 (3 of4) hatched sooner than homozygotes. There are no trends in homozygote versus heterozygote hatching times at Ckl (1:1), G3p1 (2:2), and Idh2 (3 : 3). Homozygotes tended to hatch sooner than heterozygotes at Idh3,4 (4 of 6) and Sodl (2 of 3) (table 3).
We determined which loci are significantly associated with differences in hatching time between homozygotes and heterozygotes among strains by using a combined probabilities test (Sokal and Rohlf, 1981) . This tests for significant differences in the hatching distributions between homozygotes and heterozygotes regardless of the direction of this association. The natural logarithms of the probabilities from each independent test of significance for each strain were summed to obtain a single test statistic for each locus. There are significant differences at Hex (P < 001), Idh3,4 (P<O.O01), Ldh4 (P <0.01), Mdh3,4 (P< 0.05), and Sodl (P<0.025).There are no significant differences at Ckl (P>01), G3p1 (P> 0.5), Idh2 (P>0.5), and Pgm2 (P>0.05)
Alleles at individual loci
RESULTS
Heterozygosity
We did not detect a significant association between the number of heterozygous loci per fish in a hatching group and the mean hatching time in days of that group in any strain, except Arlee (Pearson product-moment correlation coefficient; r = -O125; P<O.05). Eagle Lake, Hildebrand, and
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Indicates the average hatching time in days of combined homozygous (Horn) or heterozygous (Het) genotypes. § Indicates the number of loci at which heterozygotes hatched sooner than homozygotes, and the number of loci at which homozygotes hatched sooner than heterozygotes differences between the hatching distributions of at Mdh3,4, fish with the (83) allele hatched sigfish with these allelic types among strains. In nificantly sooner than fish with the (74) However, significant positive associations between heterozygosity and hatching time at loci in some strains and significant negative associations at these loci in other strains suggest that these enzyme loci are marking chromosomal segments that carry genes that affect developmental rate. For example, heterozygotes at Idh3,4 hatched significantly earlier than homozygotes in DeSmet but significantly later in Hildebrand and Shasta. Significant negative and positive associations between heterozygosity and hatching time were also detected at Hex, Mdh3,4, and Sod 1. At other loci, such as Idh2 and G3p1, no significant associations were observed in several strains. The direction of association between heterozygosity and developmental rate is dependent upon the frequency with which heterozygotes at the enzyme loci are associated with other genes that accelerate or delay development. Therefore, the direct association between heterozygosity and developmental rate at the loci examined in this study is weak. Rather, these loci appear to mark chromosomal segments carrying other genes that influence developmental rate.
These data support our hypothesis (Danzmann et a!., 1986 ) that differences in developmental rate between homozygotes and heterozygotes may account for the positive association between developmental stability and heterozygosity reported by . We have observed that the magnitude of association between heterozygosity and hatching time differs between strains of rainbow trout and enzyme loci. In many cases, those strains and loci that showed significant associations between heterozygosity and developmental rate also showed associations between heterozygosity and developmental stability (Leary et al., , 1984 . For example, there is a significant negative correlation between developmental time and heterozygosity in the Arlee strain (Danzmann et a!., 1986) . This strain also showed a significant positive association between heterozygosity and developmental stability in two separate generations (Leary et a!., 1984) .
McConaughy and Shasta were also examined in both studies and showed a nonsignificant association between heterozygosity and both developmental rate and stability. We tested these alternatives with enzyme loci having significant differences in developmental time between homozygotes and heterozygotes. Five such comparisons are possible at four loci in three of the strains studied. At four of these five loci, 
